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[Title of the invention] Low-friction material and method of producing the same 

[Abstract] 

[Object] 

A low-friction material having a higher durability and a longer lifetime that 
exhibits a superior low-friction property both in the atmosphere and under ultra-high 
vacuum atmosphere and allows repeated use both in high-humidity and dry states. 
[Solving means] 

The low-friction material has a copper oxide thin film formed on the surface of a base 
material and exhibits a low-friction property both in the atmosphere and an ultra-high 
vacuum atmosphere. 
[Claims] 

[Claim 1] A low-friction material, characterized by having a copper oxide thin film 
formed on the surface of a base material and exhibiting a low-friction property both in the 
atmosphere and under ultra-high vacuum atmosphere. 

[Claim 2] The low-friction material according to Claim 1, wherein the copper oxide thin 
film is composed of CuO and in the microcrystalline or amorphous state. 
[Claim 3] A method of producing a low-friction material exhibiting a low-friction 
property both in the atmosphere and under ultra-high vacuum atmosphere^ characterized 
by using copper oxide as a target and forming the copper oxide thin film on the surface of 
a base material by the magnetron sputter deposition. 

[Claim 4] The method of producing a low-friction material according to Claim 3, 
wherein the copper oxide thin film is composed of CuO and in the microcrystalline or 
amorphous state. 

[Detailed description of the invention] 
[0001] 

[Technical field] 

The invention of the present appUcation relates to a low-friction material and a 
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method of producing the same. In particular, the invention of the present application 
relates to a low-friction material having a higher durability and a longer lifetime that 
exhibits a superior low-friction property both in the atmosphere and under ultra-high 
vacuum atmosphere and allows repeated use both in high-humidity and dry states, and a 
method of producing the same. 
[0002] 

[Prior art and problems to be solved] 

Thin films based on sulfides such as M0S2 and WS2 have been mainly used as the 
low-friction materials for use under vacuum such as the driving parts in space station. 
However, the surface of the materials is easily oxidized by collision of atomic oxygen in 
aerospace and thus, the driving parts had a limited lifetime. The sulfide-based thin films 
in the layer shape caused the problems of generating friction powder by friction, 
consequently exerting adverse effects on the peripheral devices. 
[0003] 

To overcome the problems above, use of driving parts, in particular sliding parts, 
having a surface previously oxidized and thus having a greater surface hardness under 
vacuum was studied, but among the oxides hitherto studied, there was no oxide that has a 
low-friction property equivalent to that of the sulfide-based thin films such as M0S2 and 

WS2. 
[0004] 

On the other hand, a low-friction material having a higher durability and a 
longer lifetime that exhibits a superior low-friction property both in the atmosphere and 
under ultra-high vacuum atmosphere and allows repeated use both in high-humidity and 
dry states is preferable for the driving parts in airplane that comes and goes between land 
and space. However, the sulfides described above such as M 0S2 and WS2 had a problem 
of faster degradation under high humidity. 
[0005] 
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There is a potential need for a longer-life, clean low-friction material that exhibits 
a low-friction property under vacuum, not only in the aerospace field but also in other 
fields, for example, in the power field. Vacuum breaker material is such an example. 
[0006] 

An object of the invention of the present application, which was made under the 
circumstances above, is to provide a low-friction material having a higher durability and a 
longer lifetime that exhibits a superior low-friction property both in the atmosphere and 
under ultra-high vacuum atmosphere and allows repeated use both in high-humidity and 
dry states, and a method of producing the same. 
[0007] 

[Means for solving the problems] 

The inventors of the invention of the present application have found that 
irradiation on the surface of a CuBN thin film with excimer laser leads to decrease in 
frictional force. Further studies of the reason for this phenomenon has confirmed that a 
great amount of oxygen atoms were ii\jected on the layer close to the surface of the thin 
film. The thickness of the thin film oxidized after 1,800 laser irradiations was 
approximately 400 nm. 
[0008] 

Thus, thin films of various compounds in combination of Cu, B, N, and O atoms 
were prepared and the frictions thereof were measured, revealing that copper oxide had a 
particularly low friction property. A thin film only of copper oxide was prepared by 
using CuO as a target and found to have a low frictional force, as shown in the Example 
below, both in the atmosphere and under ultra-high vacuum atmosphere as well as both in 
high-humidity and dry states. The invention of the present application is completed on 
the basis of the technological findings above. 
[0009] 

Accordingly, to solve the problems described above, the invention of the present 
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application provides a low-friction material, characterized by having a copper oxide thin 
film formed on the surface of a base material and exhibiting a low-friction property both 
in the atmosphere and under ultra-high vacuum atmosphere (Claim 1). 
[0010] 

It also provides the low-friction material according to Claim 1, wherein the 
copper oxide thin film is composed of CuO and in the microcrystalline or amorphous state 
(Claim 2). 
[0011] 

The invention of the present application further provides a method of producing 
a low-friction material exhibiting a low-friction property both in the atmosphere and 
under ultra-high vacuum atmosphere, characterized by using copper oxide as a target and 
forming a copper oxide thin film on the surface of a base material by the magnetron 
sputter deposition (Claim 3). 
[0012] 

It also provides the method of producing a low-friction material, wherein the 
copper oxide thin fihn is composed of CuO and in the microcrystallme or amorphous state 
(Claim 4), as an embodiment. 
[0013] 

[Embodiments] 

Hereinafter, the low-friction material according to the invention of the present 
appUcation and the process for manufacturing the same will be described in more detail 
with reference to an Example. 
[0014] 
[Example] 

A copper oxide thin film was formed on the surface of an SUS304 stainless steel 
indenter material, a common driving material used under vacuum, by the high-frequency 
magnetron-sputtering vapor deposition method, at a power of 100 W while using copper 



oxide (CuO) as a target and maintaining the distance thereof with the substrate at 3 cm. 
The thickness of the film formed was approximately 3 ^m• The friction coefficients 
between the indenters were determined, wliile changing the environment in the range from 
air to ultra-high vacuum. The results are summarized in Table 1. 
[0015] 
[Table 1] 



Kind of indenter 
material 


Friction coefficient (^) 


In the atmosphere 


Under vacuum (5 x 10"^ Pa) 


Stainless steel 
(SUS304) 


0.064 


0.069 


Alumina (AI2O3) 


0.065 


0.065 



[0016] 

As shown in Table 1, the friction coefHcients of the SUS304 stainless steel indenter 
material had a very favorable ultralow-friction property both in the atmosphere and in an 
ultra-high vacuum atmosphere. 
[0017] 

The ultralow-friction property of the SUS304 stainless steel indenter material did 
not vary even when the environment was changed from a high-humidity state to a dry 
state or reversely when it was changed from a dry state to a high-humidity state. 
[0018] 

To investigate the dependence of the friction property on the kind of the material 
used as the indenter material, a copper oxide thin film was formed on the surface of an 
alumina ceramic indenter material, which is completely different in property from the 
SUS304 stainless steel, similarly by high-frequency magnetron sputter deposition while 
using copper oxide as a target. Then, the friction coefficients between the indenter 
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materials were determined, while changing the environment in the range from air to an 

ultra-high vacuum. The results are summarized in Table 1. 

[0019] 

The results confirmed that the copper oxide film exhibited a very favorable 
ultralow-friction property both in the atmosphere and in an ultra-high vacuum 
atmosphere independent of the material used as the indenter. 
[0020] 

As apparent from the results above, the low-friction material according to the 
invention of the present application exhibits a superior low-friction property consistently 
both in the atmosphere and under ultra-high vacuum atmosphere and is resistant to 
oxidation because an oxide film is already formed on the surface, and thus, would be 
applicable as a material for the driving parts used in extreme environment, for example in 
space station and airplane, and effective in elongating the lifetime thereof* In addition, 
the copper oxide thin film on surface are effective in improving the durability and 
elongating the lifetime of the parts, allowing repeated use in various conditions from a 
high-humidity state to a dry state. It in turn reduces the maintenance cost for the driving 
parts above, which amounted to a significant value in the past, and is thus advantageous 
economically. 
[0021] 

There was no diffraction spectrum observed from the copper oxide thin films on 
the surface of the indenter materials prepared in the Example above by XRD (X-ray 
diffractometry). Accordingly, the copper oxide thin films seem to be in the 
microcrystalline of CuO or amorphous state. The results agree well with those by Auger 
electron spectra, which confirmed that Cu and O were distributed evenly over the surface 
at a resolution of 150A or larger. Thus, the copper oxide thin films prepared in the 
Example above on the surface of the indenter materials seem to be in the microcrystalline 
of CuO or amorphous state. Thin films having crystal peaks of CuO have a frictional 
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force significantly larger than thin films having no crystal peaks and equivalent to that 

hitherto observed in copper oxide materials. 

[0022] 

The invention of the present application is, of course, not restricted by the 
Example above. Needless to say, various modifications of the kind of base material and 
the conditions of the magnetron sputter deposition method are possible. 
[0023] 

[Effect of the invention] 

As described above in detail, the invention of the present application provides a 
new low-friction material that exhibits a superior low-friction property both in the 
atmosphere and in an ultra-high vacuum atmosphere, allows repeated use in various 
conditions from a high-humidity condition to a dry condition, and would be effective in 
improving durability and elongating lifetime. 
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